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Attempt as many questions as you Possibly can. 


Prove that the polynomial 
S)=%"+-26.8+ 5212-4784 1489 
cannot be expressed as a product 
S(®)=p(x) g(x) 
where p(x), g(x) are both Polynomials with integral co- 
efficients and with degree < 4. 
Let a, b, c, d be any four real numbers, not all equal to 
zero. Prove that the roots of the polynomial 
SQ) =x*+0x9+bx8+ cx 4-d 
cannot all be real, sm = 
Let A denote a subset of the set (fas, 21, 31,4....841> 551}, 


having the Property that no two elements of A add up to 
552. Prove that A cannot have more than 28 elements, 


Determine, with Proof, all the POSitive integers n for 
which : 
(i) nis not the Square of any integer; and 
(ii) [\/n}* divides n?, 
(Notation : [x] denotes the largest integer that is less than 
or equal to x), 


INMO/NBHM/500/Z/972 [P.T.O, 


Let a, b, ¢ denote the sides Of a triangle. Show that the 
quantity, 


a 4 re 
Gre + Gta tp 
must lie between the limits 3/2 and 2, Can equality hold at 
either limit ? 


Triangle ABC jis scalene: with angle A having a measure 
greater than 90 degrees. Determine the Set of points D 
that lie on the extended line BC, for which 

[AD| =] BD| |CD]) 


where | BD | refers to the (positive) distance between B 
and D. 


Let ABC be an arbitrary acute angled triangle. For any 
point P lying within this triangle, let D, E, F denote the 
feet of the Perpendiculars from Ponto the-sides A3, BE; 


INMO/NBHM/500/z/972 {2h 
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- Attempt all questions. 


1. Let m,, mg, mg, ...::.) Ma be a rearrangement of the num- 
bers: 120230232 ,n. Suppose that n is odd. Prove that the 
product (m,—1) (my—2),.....- ,(m,—n) is an even integer. 


y3 Prove that the; product of 4 consecutive natural numters 
cannot be a perfect cube. ; “ 


3. Five men, A, B,C, D, E are wearing caps. of black or 
white colour without each knowing the colour of his cap. 

It is known that a man wearing black cap always speaks 

_ the truth: while the -ones wearing white always tell lies. 
Of they make the following statements, find the colour 4 
worn by each of them : 


A : Isee three black caps and one white 
B : L sec four white caps 
C : I see one black cap and three white’ 


D : I see four black caps. 


if: If a and b are positive and a+b=1, prove that 


(er LSiQorbyend. 
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jo: 
{ 
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6. 


1. 


Show that there do not exist any distinct natural numbers 


a, b, c, d such that ; = 
; joa B=c+d° 
. _atb=ctd. =] 


Wf rag.) @isaesees » dy are coefficients of the polynomial 
(1-+-x-+x?)#* show that Aptaytagt...... + dso is even. 


Given an angle QBP anda point L outside the angle 
QBP. Draw a straight line through L meeting BQ 
in A and BP inC such that the triangle A BC has a given 


_ perimeter. 


} 


A river flows between two houses A and B, the houses 
standing some distances away from the banks. Where 
should a bridge be built on the river so that a person 
going from A to B, using the bridge to cross the river 
may do so by the shortest path ? Assume that the banks 
of the river are straight and parallel, and the bridge must 
be perpendicular to the banks. . 


9 Show that for a triangle with radii of circum-circle and 


i 


in-circle equal to R, r respectively, the inequality Rp2r 
holds. 
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_-Attempt all questions. 


z tres Gas ts 
eet ed 


1. Given m and nas relatively prime positive integers greater 
than one,'show that log, om/logion is not a rational number. 


P Determine the largest number in the infinite sequence 
PaO 38/40 co nto elo 
; —— eh 

2 Let T be the set of all triplets (a, b, c) of integers such that 

/ 1<a<b<c<6. For each triplet (a, b,c)inT, take 
the number axbxXc. Add all these numbers corresponding 


to all the triplets in T. Prove that the answer is divisible 
by 7. 


4. Ifx, y, z and n are natural numbers, and n 2 Z then prove 
that the relation x"-+y"=z" does not hold, 


i Find a finite sequence of 16 numbers such that : 
(a) _it reads same from left to right as from right to left. 
(b) the sum of any 7 consecutive terms is —1. 
(c) the sum of any 11 consecutive terms is +1. 


6. Prove that if coefficients of the -quadratic equation 


ax*+bx+c=0 are odd integers, then the roots of the 
equation cannot be rational numbers. 


INMO/NBHM/S00/007/982 ee ie Melers Ido. 


a "7. Construct the AABC, given hu, ho (the altitudes from A and 
B) and ma, the median from the vertex A. 


8. Three congruent circles have a common point O and lie 
inside a given triangle. Each‘circle touches a pair of sides 


of the triangle. Prove that the incentre and the circumcentre 


. of-the triangle and.the common point O are collinear. 


& Prove that any triangle having two equal internal angle- 
4 bisectors (each measured from a vertex to the Opposite 
side) is isosceles, 


dishes pateetiss aach 
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Attempt all questions, 


1. A person who left home between 4 p.m. and 5 p.m: 
returned between 5 p.m. and 6 p.m. and found that the 
hands of his watch had oe exchanged places. When 
did he go out ? 


2. Solve: ; 
log.x+logyy+logyz =2 
logsy+logsz+logax=2 

logyz+logigx+logigy=2 


~ Twocircles with radii a and b respectively touch each 
other externally. Let c be the radius of a circle that 
touches these two circles as well as a common tangent to 
the two circles Prove that 


1 1 1 
Vie Vig) VS 
a/ Find the least natural number whose last digit is 7 such «14295. 7 
that it becomes 5 times larger when this last digit is aie 
W42ES 


carried to the beginning of the number. 


A If P(x) is a polynomial with integer coefficients and a, b, c 
/ three distinct integers, then show that it is impossible to 
have P(a)==b, P(b)=c, P(c)=a. 


INMO/NBHM/500/007/964 [P.T.O. 


ac: Construct a padrilateral which is not a parallelogram, in. 
“which a” pair of apposite angles and a Pair of opposite 
saad are equal. 


7. If a,b, x, y are integers greater than 1, such that a and b 
cig HO common factor except 1 and x=", Show, shat. eh 
> yen for some integer n greater than}. >": 


8. Sure Aj, ..., 4g are six sets each | with four elements 
and B,,..., Baare n sets each with two elements. Let 
SHAW. 42 ... UAg==B,U B,U:... UBe. Given that each 
glement of § belongs :to, exactly four: 48 the Ai’s and to 
‘xaetly thrice of the B's, find, ‘ 


‘ Show that among all fuser of a given Perimeter 
thé square has the igh Sos area, 


a ERSSURS cpt: GO 875E Een boee 
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Mathematics Olympiad: Problem ~ solvin sessions 
(S.Shirali) 


These remarks are meant to be prefatory, 


Problem ~ solving is the life — blood of mathematics. Vast areas of 
mathematics have resulted from the attempts to solve difficult problems. 
Reflection on just a few instances will reveal the truth of this state— 
ment: Newton's invention of the calculus and the problem of gravitational 
attraction: Galois' field theory and the unsolvability of the general 
quintic equation; the Kummer /Oedekind theory of ‘ideal’ numbers and 
‘Fermat's last theorem';-Hilbert's twenty three problems (publicly 

posed in 1900). At the sama time there must be theory building. 


The problems posed here are for the most part fairly ehallonging. Several 
of the problems have been selected from past Olympiad papers, ~ The 
collection does not reprosent a random choice — rather, they have boen 
chosen to illustrate certain recurring themes ‘in mathematics = theorem— 
proving strategies, so to speak, There is some leaning towards problems 
of a more combinatorial nature - reflecting a ta: personal inclination 


of this author, - - 


PART 1 :— 'Appetizers' 
pe Show that there is essentially only one way of Pilling in the 
cells of a 3x3 grid with the numbers 1 praccovely 8,9 so as to form 


@ magic square, 


ye Let ABC be an arbitrary (scaleno) triangle, with M the mid-point 
~ . of BC, so that the median AM cuts the larger triangle into two 
triangles of equal arca, Find the simplest possible way of cutting 
up triangle ABM and re-assembling the pieces so as to fit exactly 
over triangle AMC, 


BA. Imagine three unequal circles "pushed" together im such a way that 
each circle is tangent (externally) te the othor two circles. Lat 
the common tangent to each pair of circles be drawn. Show that tha 


threa tangents met in one point ( ie@e, are concurrent) .- 


ooed 


Se 


6. 


(A) 


A4 


A5 


Calla natura] ‘number “sorted if its digits ore strictly in 
deecending or in ascending order ( 69-6 124 or 1689 or 752 but 
Not 1223 or 324), How many sorted numbers are there? 


Find the smllest perfect Squire whose digits start with 
LIVIV Terese, 933333 S 


Consider the sequence of prime numbers 29355547, ececece 2nd Form 

the “cumulative sum" sequence (also called ithe. "partial sums") :— 
295y10517,26,41,58, ».....46 Prove that between any tuo consecutive terms 
of this sequanca there is aluzys at least ano perfect squnre. 


re 


RT Il :- "Tho main course" | 
DS _ min course! 


NUMBER THEORY: 


= Investigate the equation y? = l+x+ ‘x? for integra) 


solutions (x,y). 


t=——Find all solution in intogers to y2 = l+x+t x? + x 


t= Prove that the only integral pairs (x,y), satisfying 
gee ltx+ x aw x! are | 
(1,1), (0,1) and (3,11) 


t= Find thd most gonoral solution in positive integers 
+ Xg¥,z to } 
Be oh n 
BS oS, dah Moons = - 
ee z 


t= "Formats' last thcorom't (unproved as oday) statos that tho 
equation x" +y = z” has no solution in psoitivo intogers 
if n is’a natural number greater than 2, 
7 | 
Prove the Following (milder) version of the theorem: = 
the system 


VEG rk a { 


has no solution in positive integers, 
eeed/— 


K6s— Establish the Following equality (! one of Ramanujans* more 


"elementary" results ) :- 


fe Sp oS 


cio an eae 5 7 
ee + BE + oe ec 4 esses. s. 
= : 4 ea , 
q ey 1~ qi ay 
3 4 6° lo : 
‘s+ 1 |. oe fa +... 
l-q 1 gee ies Pe * 


Where the 8xponents of the numerators on the RHS ere the ; 
"triangular numbers ( 1,3,610,15,21,28,..,....) 
| 
A7:—~ Consider a long but finite row of houses, sequentially numbered 
Mees ecese from one end to the other, I stay in @ house on this 
row which e has the special] property that the sum of all the housas 
numbers to my loft exactly equals the sum of all the house numbers 


to my right. What could Py house’ number be? Uncover 811 possible 
solutions, ] 


W 
ABi— The numbers 1, 25, 49 are all perfect Squores and also they form an 


arithmetic progression Gai-acee5 F {1+ 49 )/2). Show that there 
are infinitely many such number triplos and find a scheme that ean 
generate all such triples, (Note:~ Sinca ( 1, 25, 49) is such a 
triplo, so is ( 4, loo, 196 ); but this contains a common factor 

of 4 and is thus not so ‘intoresting', We ‘need a way of generating 
all Possible such triples that -hayo no common factor.) 

What if we ask for four squares that form an arithmetic Progression? 


Exhibit an instance of this or @lso prove that No such instance { 
exists, : 


A9te (i) Prove that the only positivg integra] aaluEfan to 
Cc 1h gs 
is.(x,y) = (2,1) 
(ii) Prove that the only positive integra] solution to 


ul 


Geen 


is(x,y) = (2,3) ie 


Ble- 


B2:— 


at right is tormed a ‘ne »twork? it 


-4- 
(8): COUNTING AND Lie MATTER 
A configuration of the type shown 
has edges uhose end- points sre 


verticog (0.96, ex———5 ), and 
tha edges can enclose a fact. The 


network show hos £ = 14 edges, V = q 
vartica@a and. F = 6 foces. Nota zon VeE+F = 1 
Prove that V ~E& +f =1 for an ny network 


(a result dus to beEulor ) { 


Consider a rectangular cartesian plang and a Simplo (sve appendix 


for definitions) Polygonal figure on it whose vertices are all 
lattice points (see appendix for definitions). 

Let the figure enclose I lattice points in its 

interior and have 8 lattice points on its 


bowindarys let its area be AL For irietacat 


| 
<j: 
the figure shown has I = 2, B = 9, Aj= 5} | > as 
~ Prove that tho equality os | : fr / : 4 {= 
id « . 

eee. B . i 

a = eet a a ee 
AS Tr si 3 ay | 


: ; | 
always holds ( a marvollous result dud to Pick ). 


: { 
~.Let n points. be located on the poriphdry of a circle and let all 


possible chords joining these points be drawn, Assume that the 


points have been placed somewhat irregularly, so that no three 


_ chords pass through any one point ( apart, of course, from the original 


points chosen) - Determine: ie 


(a) tho total number of points of intersection; 
(b) the number of distinct regions into which the circle is 
cut up (6.9. 8 regions for n = 4). 
( The assumption of non-concurrancy of the chords means of coursa, 
that we are determining the largest possible number in (a), y 


(b) 5 above.) | 
| 
{ 


0005 /— 


-5- 


84:— Consider a rectangular grid compose d- of. cells, 
‘a on one sido and 'b' on the other (a, b 
being positive integers). When a main diagonal 
is- drawn, it passes through the intcriors of a 
number .of colls, say N ( e.g. N = 6 in tho figure). 


Compute N. explicitly as a function of a, be 


B5:— Lat a, t bo positive intogors having no factors in common 
( apart from 1). Denote by An the number of non-negative 
integral solutions (x,y) to :— 


ax + by = n 


Prove:= 


(Goa s. -[=] 7 es ee 
a b ab 
( for the medning of the: symbol, [ : see 
“the appendix )- ; 
(iv) vores if n>ab-a-b 
B6:— In how many different ways con you give change ( in coins ) for 


‘one rupee? Assume that the coins are available in these 
‘donominations3— 1 Pes 5 Poy 10 Pes 25 poy 50 Pe 


see e6/= 


5 ae 2 


(C) ESTIMATIGN THEORY 


Cls— | Show that the equaticn eu 10% 


has twp solutions. Estimate the positive snlution to two 
“decimal places, 
Ce ee 
C22= 2 (a) ‘Show why the output of thp following algorithm gives the 
‘Logarithm of any given number x to base 10, directly in 
binary notation. The algorithm is presented in computer 
flowchart notation:—- 


Inputs a given numbor x, 1¢x < 10 


Algorithms 
( in 3 steps ) 


Step 1ls— Let x: = x2 


Go to step 2 
Step 2:—> If x< 10, print 'o! 
and return to step 1. 


If “x2 10, print 1 
and go to step 3, 
t 


‘Step 3:- lot xs = x/10 
; x Return to step 1. 

8.9. the input number x = 5 gives the output sequence 
“("1011001..... ) so that, in binary notation 


109145. = 0¢ 1011001 os. 


(| Note that this method, though of interest, is definitely 
“not a sob STU tool for oval Bathog logarithms / ) 


(b) Show how the above alyorithm’ can be modified to give the 


logarithm of x to base 10 in ordinary decimal notation. 


C3:— Givon any positive number N and an estimate, x, ( x > 0), for the 


“positive square root of N ( but x # /N ), show that a strictly 
bottur estimte is given by 


(a result duc to Nowton ). Does x! aluays err in the same 


direction as x ? 


soeet/— 


suceanencaeneeeel —tt nt 


‘ 


(D0): GEOMETRY 


01s. Three circles intersect cach other mutually, i.c. each passes 
; through tha interiors of tho other two circles, For cach pair 
of circles, the common chord is drawn — i.c. the straight line 
passing through their points of intersection, Prove that the 


three straight: line pass through one point, 


02:= On nach side of an arbitrary triangle ABC is constructed an 

ie equilateral triangle, facing outwards, Let the centres of theso 
: three oquilatere) trianglas be x, Ye Ze» Prove that XsY¥yzZ are 
thomselves the vortices of an equilateral triangle. 

( This result is known as Napoleon's theorem = but it is doubtful 
_whuther Napoloon rually hit upon it J ) , 


t- Given:— an arbitrary acute-angled triangle ABC. Find a general 
Procedure for locating points P,Q,R,S ( P on AB, Q on AC, R ond 
S on BC ) So that PQRS forms a square, 
tetas fh : 


See AL 


TS te 


D04:— Givonz= two intersecting lines 1,m mesting at an arbitrary angle 
: and: an arbitrarily placed circle n.° How would you construct a 
-circlo’ that touches ( i.e, is tangent ) to gach of 1,m,n? ( How 


many such gircles are there? ) 


3 


OS:=— Givens— an arbitrary acute angled triangle ABC, Datermine points 
P, Gy R on tho sides AB, EC; CA of the triangle so that triangle 
Par has ‘the shortest possible perimeter, What happens when ABC is 
not acute angled? . “ 


o00c08/— 


D6s— 


D73— 


O8s— 


D9s— 


Els 


E2s— 


' large equilateral trizngle is 1, Octer- 


Shown at right is a circle, enclosing Xs 


Let AA' denote a fixed chord of o circle, XOX! a variable 
diameter and Z be the intersection AX.A'X', Determine tho 


locus of 411 possible 2 as XOX' varius. 


("The Butterfy Theorem" ) In the figure 
P is the midpoint of a chord RS of the 
circle. AB, CD are.chords through P with 
BC, AD intersecting RS in X,Y. Prove 
that P is the midpoint of XY 


Shown at right is an equilateral triangle 


cut up symmoetrically. The side of the~ 


mina the area of the central triangle, 


f(x), 98 a function of x. 


1 6 s XX 
point P and threw chord XiXy9 ys? 


X,X_ that pass through P, “If cach 
OS XsPXpy XoPXny seeey 
X_PX) equrls 60 , prove\that 


PX, + PX. + one = PX, + PX + PK 


of. the six angles X 


(E): PLAYING WITH FUNCTIONS - 


Let f bo a function ees “tho f _Positive real numbers 
into tha { positive reais ’ with “Ere. haps Sale that 


4) f (x.f(y)) = yef(x)° for every “xpy &R 


(414i) F(x) ~ 0 as x =p Oe 


Identify with pronf 911 functions. hoving these properties, 


Let f be 9 punctacn mapping N_ into N, where | N is 
} natures numbers {-, with the propery. hat 


f(n +.1) ee f (#(n)) for every n in W 


Show that there is just one function f that satisfies this 


_ restriction and identify the function. 


E3s— 


E4:— 


-9- 4 ‘ 


Let f donote the function that maps x (a real number) onto 

ye itSeGh)e=n4, 

f(6.5) = 7. We use tho convention that numbers with fractional 
part + equal to $ ( = 0.5). sre rounded up ( f(3.5) = 4, atc ) 


tha integer closest to x, c.g. f(2e3\ee2 


Now you must be familar with the famous equality ( summation of 


an infinite geometric serics), 


l= L+L+l1+1+ ..... ( to infinity ), 
4 8 


2 16 


So for any integer N, 


N N N (ies 
aoe tnt 8 + TG +t eevee 


Prove that this equlity remins vilid even with the terms on 


the rehes. roplaced by thair f-valuos, i.n, 


Becccce 


N= Ah) + rE) + ey 4 RLY 4 


(CSAs 5 SI as ES EST cS 0) ES Aa) 


Lot f : Real numbors — Roal numbers such that 


(i) F(x+y) f(x) + f(y) 


C43) PER) ie HX) PS 


for every possible choice of Xsy 


Identify all functions that havo this property. 


Show that therecannot exist any function f mapping 
J natural numbomt into p natural numbers} (icc. NON ) for whieh 


F(F(n)) = n+ 2001 for every n. 


eeell 


E6:— 


F2:s— 


F33— 


“Triangle ABC is shown at right with its 


= 10 =e 


Consider the graph ef any function 
tf 2 R-FR, Assum: thot f is cnntinuous 
ond smacth ( ise, possesses no 'sharp 
corners'), If A,B are two arbitrary 

ond distinct points on the curve, it is 
intuitively ang visually slear ( and this 
result is also rigourously provablw) that 
there must bo 2 point C on the curve in—botween A and B° at 
which the tangent to the curve is parallel to the chord AB, 
Naturally tha exact location of C depends on the locations 
of A and B, 


Find all possible curves for which (considering the projection 


A',C',B" on the x-axis), C' is always tho midpoint of .A'B', 


(F): A POT — POURRI 


Let’ be any irrational number ( 0.9. x =,/2 )3 let e be any 
given positive number, howevor small (0.9. e@ = 0.001). Provo 
that there is some multiple of x thrt-lies within a distance e 


of an integer, ise. there exist integers myn with 
] m - n| IAG 


Consider any sit consisting of ten distinct integers, each drawn 
from the range 1,..100. Prove that the set Must contain two disjoint 


subsets the total sum of whose elements is tho’ same, 


internal anglebisectors drawn, If BX =CY 
show that the triangle ABC ‘must bo isosccles, 
( This isa famous and old problem, generally 
known as the Steiner — Lehmus thoorum = and 
its rather trickder than it appoars.) 


as Be 


Fas— Ramanujan’ once posed this problems— Evalumte the infinite 


continucd-root 


ly 142] 143 | 144 145]... -.cte 


How would you tackle it? 


N 


F5t= Prove thot for any integer n & a, there exists a power of 2 whose 
i last n digits ( when written in the ordinary denary form) are all 
1's and 2's, ; . 


Ww 


Appendix 


Simple polygon: a ‘polygon for which any tuo points in its interior - 
can be joined by a curve which does not intersect 


the boundary, i 


Lattice points: those points in the plane which heve coordinates 
(i,j ) where i.j take any integral value zero 
Positive or’ negative, 


| K | = the greatest integer not greater than ke 
i \ 


ee 


PROBLEM SOLVING SESSION 
ee LUN 
by Dr.C.R.Praneshachar 


(Please attempt these problems before attending the session) 


1. In the two triangles given below, show that X sut+veu, 


2. Determine with proof the number of ordered triples (A, Aas A 3) of sets 
which have the property that (i) Ay ={1, Tesh Bia 
(ii) Asn aa, = = J, uhere 7 gine i pak set. 


3. Which is greater: 


1987 
1987 or ( 1987 1 \2 


4. There are 17 points in a plane, no three of which are collinear, All 
pairs of points are joined by lines coloured red, blue or green, Show 
that there is a monochromatic triangle, i.e., a triangle all the three 


sides o* which have the same colour,” 


. Se Sol for X9¥—z (xyz #0 ) 
X+y+z = =xyz 
2 2 2 
Ti eae” Ri 
2 


x fyeee =—-xyz 

6. Evaluate ’ 
oo (7)+ 2*( 2) + 3°( o). PEDO n(n) 
Where ( a denotes the number ni 


=pal Cae), 


eeee2 


bes Suan aa ee 


ER GR Py» Pos Pas Pys Pos P, are the probabilities of getting 1,2,3,4,5,6 in 
tho’ throw of an uneven die and 9+ 999 G39 Gye Gs? Ig are the corresponding 
probabilities’for a second die, is it possible to force the values of 


‘p's and q's such that in any throw of the two dice the am of the outcomes 
has the same probability? 


8. Show that the only integral values of m for which 1 + m + n? + nm + n’ 


is a perfect square are m = 0, m = -1 and m= my 


9, Let r bea positive rational less than 1. Show that r.can be written as 


a 


the sum of distinct elements of tho sot [i ies eltgmosctecscrt ss 
3 j 


, 2 

10. ‘Fhere are 1l positive intogors B19 Boy -ecceey ay such that for each ay 
C1 fi <11 ), the remaining 10 numbers can be split into two sets of 
5 numbers each having qual sums. Show that all the 11 numbers are in 
fact equel. 


ll. If the polynomial 


p(x) = Gea) (x-m,) (x-m,) (x-m,) (x=m,), where my My Mey My m 
ntegers, 
are 5 distinct/has exactly K non zero coofficients, find with proof a 


5 
set of integers Ms M, seoeele for which this number K is minimum. . 


12. Show that any number N can be uritten in the "modified base 3', as 
N = a 34 , where a, is -1, Oar, 
Jj=0 


Is the representation uniqua?’ 


13. There is a finite set S of coplanar points having the property that 
on the line joining any tuo points of tho set S, there lios a third 
point of the set S. Prove that all- the points of the set S are 


collinear, 


, @ 
14, There is strictly increasing sequence , renyt of positive integers 
@ n=l 


with the following property: f(2)=2 and F(mn)= f(m)f(n) whenever m and n 


are relatively prime, Show that f(n) =n for each ne 


” 2 
18, Find all polynomials P (x) satisfying P(0) = 0 and P (x41) = Peo ta a 


eeoeed 


16. Solve the recurrence relation: 


(ns 
i] 


In = (n=l) (uy +u, “ ), "73 


c 
i 
a 
- 
eI 
N 
" 
w 
. 


Hencé evaluate lim u 
no AL 


17. Find a polynomial A(x) of least degree such that A(x) is divisible by 


x? + 1 and A(x) = 1 is divisible by x» +1. 


18. Three circles of equal radti r pass through a point 0 and have second 


points of intersection A, 8, C, Prove that the circumcircle of Qs Asc 
oO 


is also of the same radius r, 


o 
19. In A OA,A,, Z0 = 20 


° 
OA, = OA,, Z0A, C= 0%) 


Z0A,Y = 30°, Show that 


LA, XY = 30° 


Be In an 8 X 6 chesshoard ABCD, in how 
many ways can you go from A to C 

by moving always along horizontal 
and vertical lines bytifint. going 
above the diagonal AC. You may 
touch AC, (Thus X is forbidden 
while Y & Z aro not), 


ont - 


